This paper investigates prices of consumer electronics sold on the Web by both onlineonly retailers (Dotcoms) and the online branches of multi-channel retailers (MCRs). Surprisingly, we find that Dotcoms charge higher price than MCRs, a conclusion contradictory to the results of most of empirical studies. We also find that the electronics prices decreased over the period of study in general, dropping about 0.6% per week, and the prices of MCRs and Dotcoms went down with time at a similar speed. Further, the prices across MCRs are 35.3% more dispersed than the prices across the Dotcoms based on full prices, and 33.1% more dispersed based on percentage prices. However, our results show that price dispersion moved up with time in general, with no significant difference in the speeds between MCRs and Dotcoms. (Online retailing; pricing; electronics market; online-only retailers; multi-channel retailers; price dispersion) Acknowledgments:
Introduction
With the steady growth of electronic commerce, many traditional retailers find that the Internet is a new channel of selling their goods. More and more conventional retailers have started selling online. It is interesting to see how these conventional retailers compete with online-only retailers on the Web. Based on data from books, CDs, DVDs and videos, empirical studies involving pricing of online branches of multi-channel retailers (henceforth referenced as MCRs) and online-only retailers (Dotcoms) have shown that MCRs charge higher prices than Dotcoms (see, e.g., Tang and Ho, 2003; Tang and Lu, 2001; and Xing, 2001 and . But retailers may have different pricing behavior for different product categories sold in the Internet.
In this paper, we investigate prices of consumer electronics sold on the Web by both Dotcoms and MCRs. Brand names and after-sale services make the electronics market significantly different from the markets for books, music, and movies. Ward and Lee (2000) examined whether consumers used brands as sources of information when shopping online. They found that recent adopters of the Internet would be less proficient at searching and would rely more on brands. Thus, online shoppers are more likely to buy goods from the online branches of the well-established traditional retailers even if they charge higher prices. Nevertheless, Carlton and Chevalier (2001) investigated online prices for DVD players and found that the online branches of multi-channel retailers charged higher prices than online-only retailers. We want to use our data to examine if there exist such pricing differences in the online electronics market.
As far as we know, this is the first study involving the online electronics market from such a perspective.
A variety of related studies of price comparison have investigated online and offline price differences among different retailer types, including single-channel and multi-channel retailers, but the results so far seem conflicting. For example, Bailey (1998) found that online prices for books, CDs, and computer software were higher than in conventional stores. Clay, Krishnan, and Wolff (2001) and Clay et al. (2002) compared prices between online and offline stores and found that average prices were similar in both online and offline book markets. But taking sales tax and shipping cost into account, total prices were lower in conventional stores than in online stores.
Other studies discovered that online retailers tend to charge lower prices than traditional retailers. Brynjolfsson and Smith (2000) compared prices of books and CDs sold through Internet and conventional channels in 1998 and 1999 and found that online prices were 9-16 percent lower than that in conventional stores. Morton, Zettelmeyer, and Silva-Risso (2001) compared prices of cars sold in online and conventional channels and found that, on average, online consumers paid two percent less than offline consumers. Carlton and Chevalier (2001) discussed free-riding problems on the sales and promotional efforts of retailers. They discovered that MCRs may internalize some of the free-riding between online and retail stores and therefore charge higher prices than do Dotcoms.
Since customers can obtain price information in online markets easily and inexpensively, it was expected that online price dispersion should be small. However, recent empirical studies have showed considerable price dispersion in online markets. Clemons, Hann, and Hitt (2002) investigated online markets for airline tickets and found differences in prices across online travel agents as large as 20 percent, even after controlling for observable product heterogeneity. Baye, Morgan, and Scholten (2003a,b) examined online pricing for 1000 of the best-selling consumer electronics products found on the price comparison site Shopper.com, and found substantial price dispersions (about 40 percent in the average range of prices and the average gap between the two lowest prices listed for a given product remained stable at around 5 percent). Even after controlling for shipping costs and firm heterogeneities, they found that prices did not converge, although the average range in prices did fall when the number of competing firms decreased. The difference in prices charged for homogeneous products could not be fully explained by firm heterogeneities, which implies that firms may randomize pricing strategies.
Although price dispersion exists in online markets, some empirical studies did find that such price dispersion was lower across Dotcoms as compared to MCRs. Tang and Xing (2001) found that in online DVD market, the price dispersions (and the prices) are significantly lower among Dotcoms than that among MCRs. Clay, Krishnan, and Wolff (2001) observed that, in the online book market, although some multi-channel retailers set online prices very similar to their Dotcom rivals, others charge the same prices as their physical stores. Thus, there may be a great price difference among MCRs.
Our paper attempts to examine if there are different pricing patterns in the online electronics market. We seek to contrast the pricing dynamics of MCRs with those of Dotcoms and derive implications. In particular, we will examine (a) if Dotcoms and MCRs charge different prices in the online electronics market; (b) if the two types of retailers have different online price dispersions; and (c) if online prices and online price dispersion increase or decrease over time. Our results show that the online electronics market is different from the online markets of books, music, and movies, which implies that retailers have different pricing strategies for different product categories in online markets. We will discuss economic reasons for the differences. In the following, Section 2 describes the data collection methodology and Appeared in: Journal of Product and Brand Management, 2004, 13, 429-441. provides a brief summary of data. Section 3 introduces the econometric models and presents the results of our empirical analysis. In Section 4 we present our conclusions.
Data and summary statistics
Our analysis uses panel data collected in the online electronics market, which is one of the most successful markets that have migrated online and enjoy considerable growth and sales. The fact that branded electronics products are homogeneous makes data collection tractable and price comparison meaningful.
Data collection
Unlike the data collection in the online markets for books, music and movies, it was difficult for us to find enough common items carried by various retailers in the online electronics market. There are many electronics products that multi-channel retailers carry in their land-based stores which are not yet sold online, and some manufacturers do not allow some retailers to sell their products online or limit the scope of online product offerings. Since electronics products are well-known for "branded variants," i.e., small changes in the product models and design to avoid comparison across retailers, we had to work very carefully to ensure it is the identical item compared across retailers. We checked each item's model and manufacturer part number, and made sure that the item was the same in every store. We have also been very careful in the whole process of data collection. Thus, our data deal with identical items with identical brand names across retailers. Since all the information about brands, product models and manufacturer part numbers are clearly posted on each retailer's Web site, online shoppers are fully aware of the fact that these are identical brands and products. Among the hundreds of electronic products and nearly 30 online stores that we started with, we found fourteen common items carried by eight major online retailers. These fourteen items include four camcorders, four DVD players, two tube TVs, one portable CD player, one walkman, one VCR, and one Shelf system, and the eight retailers are Best Buy, Circuit City, J&D Music World, Abt Electronics, 800.com, Amazon.com, Buy.com and Output.com 1 .
We determined the frequency of data collection as follows. 
Summary statistics
We first calculate the averages of the posted prices, percentage prices and full prices. The posted price is the posted dollar price, percentage price is the percentage of the posted dollar price relative to the manufacturer's suggested retail price (MSRP) for each title, and the full price is posted price plus the shipping costs. Clearly, the percentage price shows how much discount 2 For the occasional out-of-stock situations during the effective data collection period, we used the previous week's price of the same product as the approximation. 3 The in-store pickup option provides customers with immediate access to goods. Taking into consideration of parking, getting the product and driving, the pickup costs may be higher than what we estimated here, especially for 7 each retailer gives to each product compared to the MSRP for this product. The results summarized in Table I show that Dotcoms charge on average $12.26 or 3.1% more than MCRs in posted prices, 1.72 units more in percentage prices, and $10.1 or 2.4% more in full price. It seems that the MCRs on average offered a bigger discount than Dotcoms (21.65% vs 19.07%).
Take in Table I Breaking the analysis into product categories (Camcorder, DVD Player, Tube TV and Others) allows us to see a more detailed picture on the price differences as well as the effect of adding shipping costs. Price differences occurred mainly on the more expensive items while the shipping costs made a difference mainly on the large items (not necessarily the expensive ones).
MCRs charged more for shipping large items than Dotcoms did, which makes the full price of Tube TV higher for MCRs than for Dotcoms.
We also calculated the average prices of items for each of these online retailers (Table II) .
Interestingly, the lowest pricing one is the online branch of ABT Electronics while the highest pricing one is Buy.com, from either posted, full or percentage price sense. Buy.com frequently marketed itself as a lowest-pricing online retailer and was reputed to be so, but our data indicate that it charged higher prices than other online retailers in the electronics market.
Take in Table II time-pressured customers. But shoppers can always choose delivery by paying shipping costs if they think that instore pickup is more costly.
Econometric Model and Empirical Results

Econometric model and relative price levels
Clearly, a fair comparison can only be done when the unwanted price variations are controlled for. There are three major factors that would affect the price levels: retailer, product
and time period (in week). We thus propose the following econometric model:
where  1 + 2 = 0, Table III .
Take in Table III
Appeared in: Journal of Product and Brand Management, 2004, 13, 429-441. From the results we see that the coefficients of the retailer type variables (MCR and Dotcom) are significantly different from zero, irrespective of whether the analysis is based on log posted price, or log full price, or percentage price. This means that Dotcoms charge higher price than MCRs, a conclusion contradictory to the results of most of empirical studies (see, e.g., Brynjolfsson and Smith, 2000; Morton, Zettelmeyer, and Silva-Risso, 2001; and Tang and Xing, 2001 based on the full prices (see Table III To check the above analysis from another angle, an ANOVA model is run with retailer type, product and time as three qualitative factors, having 2, 14 and 18 levels, respectively. An ANOVA model including all the main effects and two-way interactions is fitted, and the results are presented in Table IV . The 'type' factor is highly significant in all three models, indicating the prices of MCRs and Dotcoms do differ. Further, the product factor and the time factor, as well as the two-way interactions (except the interaction between type and time which has Pr > F = 0.9895 as seen from Table IV) , are all highly significant. Clearly, the implications of these are: i) when comparing the prices between MCRs and Dotcoms one has to control the effects of product and time, ii) the price difference between MCRs and Dotcoms changes from one product to other but not with time; iii) the product prices change with time and the way they change is different from one product to another; and iv) the difference between prices charged by MCRs and Dotcoms does not change over time. Hence, although Dotcoms charge higher price than
MCRs in an overall sense, there might be only a part of the products responsible for such a price difference. Much insight has been gained by this ANOVA. We will carry out more detailed analysis in the following subsections.
Take in Table IV Price dispersions Following Sorensen (2000) and Brynjolfsson and Smith (2000) , we use both price ranges and standard deviations across retailers of the same type for each product at each date as measures to compare dispersions among Dotcoms with that among MCRs. Table V Take in Table V In our formal econometric modelling, the price dispersion is defined as either the standard deviation (SD) or the range of prices of a given product from the retailers of the same type. In Dotcoms also depends significantly on what types of products we are dealing with. These findings indicate that the online electronics prices and price dispersions are quite dynamic with a complicated structure, which will be further examined in detail in the following subsection.
Take in Table VII
Price trends
Analysis of price changes might be one of the most challenging issues in studying the online pricing dynamics. Table VIII summarizes the prices by week where a clear decreasing trend is shown in each of the price forms and for each type of retailer.
Take in Table VIII Figures 1 and 2 give insightful graphical summary of the mean prices and price dispersion by product category, retailer type, and price form. In Figure 1 , we plot dynamics of mean prices in both posted prices and full prices. Figure 2 demonstrates the changes in price standard deviations over time. From the plots we see that prices of camcorder are the most dynamic among the four product categories, followed by the prices of DVD players. Prices of camcorders decreased sharply, but their price dispersion increased sharply over the period of study. Prices of DVD players exhibit similar pricing behavior, but with changes in smaller magnitude compared with camcorders. Price and price dispersion for Tube TV and other products both remain fairly stable over the period of study. A closer examination of the plots reveals that the MCRs have a lower price but higher price dispersion compared to the Dotcoms. To obtain more concrete conclusions, formal tests using a well-designed econometric model need to be carried out. Quantitative estimates on price changes over time can be obtained from the results of Table   IX , in particular the coefficients of time trends. For example, the per week price drop in posted price is about 0.6% overall, 0.6% for MCRs, 0.6% for Dotcoms, 1.4% for MCR camcorders, 1.4% Dotcom camcorder, 0.8% for MCR DVD player, and 0.9% for Dotcom DVD player. The same set of numbers corresponding to the full price becomes 0.6%, 0.6%, 0.6%, 1.5%, 1.3%, 0.8% and 0.8%. Similarly, one can estimate per week price drops in percentage prices. Further calculations show that the prices of Tube TV and other products are almost unchanged during the period of our study. Table IX From the results of Table X , we see that price dispersion moved in an opposite direction as the price level -it went up with time in general, with no significant difference in the speeds between MCRs and Dotcoms. Again, such an overall movement trend in price dispersion is mainly caused by the camcorder category. It might be the case that some retailers lowered down the camcorder price significantly over time while the others kept the price fairly constant. This made the overall price decreasing and price dispersion increasing with time.
Take in
Price dispersions for MCRs and Dotcoms both changed with time. In particular, we conclude that they both went up with time at a similar speed. Quantitatively, the per week increment in price dispersion based on posted price is 8.1% overall, 7.6% for MCRs, 8.7% for Dotcoms, 24.3% for MCR camcorder, 20.7% for Dotcom camcorder, 13.1% for MCR DVD player, and 13.5% for Dotcom DVD player. The same set of numbers can be easily calculated based on the full price standard deviation or full price range.
Take in Table X
Conclusion
This study investigates consumer electronics market on the Internet. Surprisingly, we find that Dotcoms on average charge higher prices than do MCRs. This finding is contradictory to the results of most empirical studies involving books, CDs, videos and DVDs. One may think that as shopping online reduces search costs, online shoppers are more sensitive to prices. Lynch and Ariely (2000) experimentally investigated the relationships between search costs and price sensitivity. They found that price sensitivity for common products increased when cross-store comparison was made easy, but easy comparison had no effect on price sensitivity for differentiated goods. Thus, retailers have incentives to avoid price competition by carrying unique products. Unlike many other empirical findings, our results show that online-only retailers may have successfully established their reputations and differentiated themselves although they were selling homogenous products on the Internet. Lowering price is no longer the only tactic for Dotcoms to attract consumers.
We also find that the electronics prices decreased over the period of study in general, and the average prices of MCRs and Dotcoms went down with time at a similar speed. Breaking the time trends into the product categories, we find that the price decrease was mainly caused by the price drop in camcorders and DVD players, while the prices of Tube TV and other products were almost unchanged during the period of our study. Such a result is not surprising. Unlike books, CDs, and DVDs, the types of consumer electronics differ in terms of novelty and speed of innovation.
4 Camcorders and DVD players are newer products and have significantly faster pace of innovation than tube TVs, shelf systems and walkman. As new models of camcorders or DVD players appear in the market, the market demand for the old models will decrease dramatically and many of them may never be sold in the market. To reduce their inventory costs, retailers may cut the prices for these old models, resulting in a decrease in average prices.
Our results also show that price dispersion went up with time in general, with no significant difference in the speed between MCRs and Dotcoms. Again, such an overall movement trend in price dispersion is mainly caused by the product categories of camcorders and DVD players. Our data show that the per week increment in price dispersion based on posted price was 24.3% for MCR camcorder, 20.7% for Dotcom camcorder, 13.1% for MCR DVD player, and 13.5% for Dotcom DVD player, while the price dispersion for Tube TV and other products had no significant change during the period of our study. Since some low-cost retailers may undercut rivals on the prices of the novel products, price dispersion increases more for camcorders and DVD players than for the others (see Figure 2) .
Our results suggest different pricing patterns in the electronics market. Economic theory tells us that market prices are determined by both demand and supply, and in a competitive market, price competition will push prices down toward marginal costs. We have discussed above that as the demand for old models of novel products decreases fast, the retailers may reduce their prices significantly. But reduction in prices is limited by marginal costs. In the electronics market, there may be different cost structures between MCRs and Dotcoms. Among the four MCRs, Best Buy and Circuit City are nationwide retailers. In addition to the retail operation, J&R reaches customers throughout the United States with a huge catalogue. Abt
Electronics is one of the largest single-store operations in the United States, and is an authorized retailer for every major brand. These multi-channel retailers have huge inventory that may result in tremendous buying power. So they can charge lower prices than Dotcoms.
Another reason for the different pricing patterns in the electronics market may be that unlike books, CDs and DVDs, price margins for electronics products are not huge even in traditional markets. We observed that many multi-channel retailers, such as Best Buy and Circuit
City, now allow their customers to purchase online and pick up the products in local stores.
These multi-channel retailers' online pricing behavior will affect demand in their physical stores.
It may well be critical to keep prices same or similar in order to avoid internal competition and conflict between the two channels. So MCRs charge relatively low prices for these electronics products when they go to the Internet. In order to promote their products, the retailers may also apply different pricing strategies across the electronics products. For example, they may use cheap DVD players as an attraction. Since the electronics market is significantly different from markets of books, music, and movies, it is very interesting to further investigate the same retailers that operate in different markets and see if they behave differently in different product categories.
The findings of this study are based on our limited data sample. Ideally, one should choose both products and retailers randomly to ensure representativeness. However, price comparability requires that all the products chosen must be carried by all the retailers involved.
This seems a practically infeasible task, especially for online electronics markets. Nevertheless, the fourteen products and eight retailers that we had chosen did represent some major electronic products and major online retailers. Thus, our results may still shed some insights on the pricing patterns in this market, although one should be cautioned to keep in mind that our data sample size is limited. 
